A general risk model that allows for stochastic return on investments as well as perturbation by diffusion is studied. Integro-differential equations for the distributions of the time of ruin, the surplus prior to ruin and the deficit at ruin of this model are established. In particular, we consider a diffusion perturbed risk model with interest force in details.
INTRODUCTION
Paulsen (1) introduced the following risk process U t that allows for a stochastic rate of return on investments as well as a stochastic rate of inflation:
E(I) t− E(R) t− dP s
) . where P t and R t are independent Lévy processes. Using the above notation (1.1) can be written as U t = E(R) t (u + ∫ t 0
The notation E(A)
denotes
E(R)
−1 s− dP s ). For further references see (4) .
The present paper generalizes the model given in (1.1) by considering that P t is a general jump-diffusion process, whilst R t is still a Lévy process. The organization of the paper is as follows. Section 2 presents a precise formulation of our model. Integrodifferential equations for the distributions of time of ruin, surplus prior to ruin and deficit at ruin are established in Section 3. The last section studies the model with interest force.
THE MODEL
Assume that all processes and random variables are defined on the probability space (Ω, F, F t , P), where F t is right-continuous and P-complete. Let R and R + denote the real line and the non-negative half line endowed with the Borel σ-algebra B and B + , respectively. A risk process can be described as a marked point process {T n , Z n } n≥1 ,
where T i 's are non-negative and represent the times when claims occur, and the marks Z i 's are the corresponding claim amounts, which are assumed to be i.i.d. and positive.
In risk theory (e.g. (5)), one often defines the aggregate claim amount at time t as
) considered a more general form of the aggregate claim amount, and introduced the risk reserve model of the form
where b : R + × R → R is a piecewise continuous function representing the premium income, f : 
, where each claim amount may be multiplied by a discount factor.
We define the risk process U t as the solution of the stochastic differential equation
where u is the initial assets, {B} t≥0 is a standard Brownian motion independent of the inhomogeneous Poisson counting measure N (·, ·) and a, b : 
where λ(t, D) denotes the compensator of the point process {N (t, D)}. The process {R t } t≥0 is a Lévy process independent of {P t } t≥0 and having the Lévy-Itô decomposition (see (3))
where r and σ R are positive constants, {B R,t } t≥0 is another standard Brownian motion independent of µ R which is the Poisson counting measure associated with the jumps of R t , K R (dx)ds is the compensator of µ R (ds, dx) and such that K R ({0}) = 0 and
Because the quadratic variational processes of 
where
A natural generalization of (2.4) is the time inhomogeneous risk process obtained by replacing the integrands of the first two integrals in the right-hand side of (2.4) by two general measurable functions, say, q and σ, i.e.
If q, σ and f satisfy condition (2.3), then U t defined by (2.5) is a strong Markov process (see e.g. (9), Theorem 32).
Using Itô's formula, we can prove that the infinitesimal generator
INTEGRO-DIFFERENTIAL EQUATIONS
We will derive integrodifferential equations for H i 's. 
with the boundary conditions, for s, x, y > 0,
, together with the boundary and initial conditions, for s, x, y > 0,
together with the boundary conditions, for s, x, y > 0,
Proof. (i) By the strong Markov property of U t , it can be proved that
. Applying Itô's formula gives (ii) and (iii) can be proved by using the same argument as in (i).
Thus, from Theorem 3.1 we can obtain the integro-differential equations for ψ i 's. In particular, for the homogeneous Markov pro-
where G is the common distribution function of the claim sizes and λ is the constant intensity of the homogeneous Poisson process N , we obtain the integro-differential equations for ψ 1 (0, u),ψ 2 (0, u, t) and ψ 3 (0, u) that have been considered in (2).
RISK MODEL WITH INTEREST FORCE
We have shown in the last section that the probability of ultimate ruin and the distributions of the time of ruin, the surplus immediately prior to ruin and the deficit at ruin satisfy certain integro-differential equations. However, the equations involved are so complicated that explicit solutions are generally hard to get even for particular cases. Examples of the solutions for some non-trivial special cases can be found in (2) .
In this section we give the Laplace-Stieltjes transform of H 1 as well as its estimation for the compound Poisson risk model with a constant interest force.
Consider the risk process U t in (2.5) with q(s, x) = c + ρx, σ(s, x) = σ, µ R ≡ 0 and 
its solution is given by
(α)dα, and
Proof. It follows from Theorem 3.1(i) that H 1 (u) satisfies (10), we introduce the auxiliary distribution
from which we have H 1 (u; x, y) = H 1 (0; x, y)(1 − h 1 (u; x, y)) and h 1 (0; x, y) = 0. In terms of h 1 (u), equation (4.3) can be written as
where * denotes the Stieltjes convolution.
Taking the Laplace-Stieltjes transform of (4.4) gives
The solution of (4.5) with the boundary condition lim β→∞ĥ1 (β) = 0 is given bŷ
Letting β → 0 in (4.6) yields (4.1), and becauseĤ 1 (β) = −H 1 (0)ĥ 1 (β), the result follows.
(ii) Consider σ ̸ = 0. In this case H 1 (0) = 1, and so the auxiliary distribution is
In terms of h 2 (u), equation (4.3) can be written as
Taking the Laplace-Stieltjes transform of (4.7) gives
The solution of (4.8) with the boundary condition lim β→∞ĥ2 (β) = 0 is given bŷ
where a 2 (β) = (c +
Letting β → 0 in (4.9) yields the result. ) . 
Inverting it gives
h 1 (u) = ρ c ∞ ∑ n=0 ( λµ c ) n (L n, * * k 1 )(u) − ∞ ∑ n=0 ( λµ c ) n+1 L (n+1), * (u) + λ cH 1 (0) ∞ ∑ n=0 ( λµ c ) n L n, * (u) * ∫ u 0 (G(v + y) − G(v))dv,(4.
